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Abstract:
The astrophysical importance of the Kerr spacetime cannot be overstated. Of the
currently known exact solutions to the Einstein field equations, the Kerr spacetime
stands out in terms of its direct applicability to describing astronomical black hole
candidates. In counterpoint, purely mathematically, there is an old classical result
of differential geometry, due to Darboux, that all 3-manifolds can have their metrics
recast into diagonal form. In the case of the Kerr spacetime the Boyer–Lindquist
coordinates provide an explicit example of a diagonal spatial 3-metric. Unfortunately,
as we demonstrate herein, Darboux diagonalization of the spatial 3-slices of the Kerr
spacetime is incompatible with simultaneously putting the Kerr metric into unit-
lapse form while retaining manifest axial symmetry. This no-go theorem is somewhat
reminiscent of the no-go theorem to the effect that the spatial 3-slices of the Kerr
spacetime cannot be chosen to be conformally flat.
Date: Thursday 3 September 2020; LATEX-ed September 4, 2020
Keywords:
Kerr spacetime; Painleve´–Gullstrand coordinates; Boyer–Lindquist coordinates;
Doran coordinates; ADM decomposition; unit lapse; Darboux diagonalization;
3-metric.
PhySH: Gravitation
Contents
1 Introduction 1
2 Framework and Setup 2
3 Azimuth-only coordinate transformations 3
4 Polar-only (r, θ) coordinate transformations 4
5 Axisymmetry preserving coordinate transformations 5
6 Discussion and Conclusions 8
A Appendix: Some explicit metrics 9
A.1 Unit-lapse metrics 9
A.2 Lense–Thirring (Painleve´–Gullstrand version) 9
A.3 Boyer–Lindquist 10
A.4 Boyer–Lindquist-rain 10
A.5 Eddington–Finklestein-rain 11
A.6 Doran 11
1 Introduction
The Kerr spacetime [1–5] is perhaps the single most astrophysically important and
pre-eminent of the currently known exact solutions to the Einstein field equations.
(For general background discussion see textbooks such as [6–13].) In view of this cen-
tral physical importance of the Kerr spacetime, it is well worth developing as many
distinct viewpoints [14], alternative presentations [15–19], and tractable approxima-
tions [20–22] to the Kerr spacetime as possible. We have recently considered various
unit-lapse “rain” representations of Kerr [17], and now wish to address the interplay
between unit-lapse and possible diagonalization of the spatial 3-metric.
It is a classic mathematical result, typically attributed to Darboux [23], that under
mild conditions 3-manifolds can have their metrics recast in diagonal form [24–29].
The question we wish to raise is whether Darboux diagonalization of the spatial
slices of the Kerr spacetime is compatible with simultaneously maintaining the unit
lapse condition and axial symmetry. When starting the calculation there were both
reasons for optimism and reasons for caution. On the one hand:
• Diagonalization of the 3-metric only imposes 3 coordinate conditions on the 4-
metric, while the unit lapse condition only adds 1 more. Imposing 4 coordinate
conditions in (3+1) spacetime naively seems plausible.
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• Boyer–Lindquist coordinates for Kerr explicitly diagonalize the 3-metric, though
they are not unit-lapse coordinates.
• Many unit-lapse coordinates for Kerr are known to exist [15–17], including
unit-lapse coordinates very closely related to Boyer–Lindquist coordinates [17].
• The Lense–Thirring approximation to Kerr can explicitly be cast in unit-lapse
flat 3-space form [22].
On the other hand, the Kerr spacetime sometimes exhibits (perhaps unexpected)
obstructions to otherwise plausible conjectures. For instance, all static spherically
symmetric (and some stationary axisymmetric, e.g., Lense–Thirring) spacetimes can
be put into Painleve´–Gullstrand [30–32] form, with a flat spatial 3-metric [22, 33].
But not Kerr. Indeed, the spatial 3-slices of Kerr cannot even be put in conformally
flat form [34, 35].
Unfortunately in the situation that we are interested in, the Kerr spacetime again
is problematic — we shall demonstrate that in the Kerr spacetime the unit-lapse
condition is incompatible with diagonalizing the 3-metric while maintaining axial
symmetry. This is more than just an effect of incompatible symmetries, (for instance,
things do work nicely for Lense–Thirring spacetime), the incompatibility depends on
specific properties of the metric coefficients, and so on specific dynamical features
arising from solving the Einstein equations.
2 Framework and Setup
All 3 of the fully specific unit-lapse versions of Kerr that we explored in reference [17],
(BL-rain, EF-rain, Doran) have spatial 3-metrics of the form:
ds2 = grr(r, θ) dr
2 + gθθ(r, θ) dθ
2 + gφφ(r, θ) dφ
2 + 2grφ(r, θ) drdφ. (2.1)
That is, the pattern of non-zero elements in the spatial 3-metric is:
gij =

 ∗ 0 ∗0 ∗ 0
∗ 0 ∗


ij
. (2.2)
We wish to diagonalize this 3-metric, while preserving unit lapse and manifest axial
symmetry. To preserve unit lapse, do not touch the time coordinate [17]. To preserve
axial symmetry, transformations of the φ coordinate are limited to
φ = φ¯+ Φ(r¯, θ¯); dφ = dφ¯+ Φr¯ dr¯ + Φθ¯ dθ¯. (2.3)
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In principle we could do arbitrary things to r and θ:
(r, θ)→ (r¯, θ¯). (2.4)
But let us take the analysis one step at a time.
3 Azimuth-only coordinate transformations
Let us temporarily agree to leave the r and θ coordinates untouched; only adjust φ.
That is, we consider:
r = r¯; θ = θ¯; φ = φ¯+ Φ(r¯, θ¯). (3.1)
Thence
dr = dr¯; dθ = dθ¯; dφ = dφ¯+ Φr¯ dr¯ + Φθ¯ dθ¯. (3.2)
So for the 3-metric
ds2 = grr(r¯, θ¯) dr¯
2 + gθθ(r¯, θ¯) dθ¯
2
+ gφφ(r¯, θ¯) (dφ¯+ Φr¯ dr¯ + Φθ¯ dθ¯)
2
+ 2grφ(r¯, θ¯) dr¯(dφ¯+ Φr¯ dr¯ + Φθ¯ dθ¯). (3.3)
Now just pick off the 3 off-diagonal components:
gr¯φ¯ = grφ(r¯, θ¯) + gφφ(r¯, θ¯) Φr¯; (3.4)
gθ¯φ¯ = gφφ(r¯, θ¯) Φθ¯; (3.5)
gr¯θ¯ = Φθ¯
(
gφφ(r¯, θ¯) Φr¯ + grφ(r¯, θ¯)
)
. (3.6)
We want all 3 of gr¯φ¯, gθ¯φ¯, and gr¯θ¯ to vanish. That is, we demand that the 3 PDEs
below must be satisfied:
E1 : grφ(r¯, θ¯) + gφφ(r¯, θ¯) Φr¯ = 0; (3.7)
E2 : gφφ(r¯, θ¯) Φθ¯ = 0; (3.8)
E3 : Φθ¯
(
gφφ(r¯, θ¯) Φr¯ + grφ(r¯, θ¯)
)
= 0. (3.9)
But, since gφφ 6= 0, E2 implies Φθ¯ = 0, which then automatically satisfies E3.
But this also implies Φ(r¯, θ¯)→ Φ(r¯), and E1 becomes:
dΦ(r¯)
dr¯
= − grφ(r¯, θ¯)
gφφ(r¯, θ¯)
(3.10)
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This equation is consistent iff
∂θ¯
(
grφ(r¯, θ¯)
gφφ(r¯, θ¯)
)
= 0. (3.11)
But inspection of the BL-rain, EF-rain, or Doran unit-lapse version of Kerr shows
that this consistency condition is not satisfied. (See the appendix for more details.)
Specifically, (recalling that in this section r¯ = r and θ¯ = θ), we would want to
have
∂θ
(
grφ(r, θ)
gφφ(r, θ)
)
= 0. (3.12)
However (
grφ(r, θ)
gφφ(r, θ)
)
BL-rain
=
2mar
√
2mr(r2 + a2)
∆
1
ρ2Σ
; (3.13)
(
grφ(r, θ)
gφφ(r, θ)
)
EF-rain
= − a
Σ
(
1 + 2mr/ρ2 +
√
2mr/(r2 + a2)
1 +
√
2mr/(r2 + a2)
)
; (3.14)
(
grφ(r, θ)
gφφ(r, θ)
)
Doran
= − a
Σ
√
2mr
a2 + r2
. (3.15)
Here ρ2 = r2 + a2 cos2 θ, and ∆ = r2 + a2 − 2mr, while Σ = r2 + a2 + 2mra2
ρ2
sin2 θ.
It is the explicit presence of θ inside Σ that is the obstruction to satisfying the
consistency condition. So no azimuth-only coordinate transformation is capable of
diagonalizing the spatial 3-metric. (We have been rather slow and careful with this
calculation to make the general pattern clear.)
4 Polar-only (r, θ) coordinate transformations
Now let us leave the azimuthal coordinate intact, and only transform the (r, θ) plane.
That is, we consider:
r = G(r¯, θ¯); θ = H(r¯, θ¯); φ = φ¯. (4.1)
Thence
dr = Gr¯ dr¯ +Gθ¯ dθ¯; dθ = Hr¯ dr¯ +Hθ¯ dθ¯; dφ = dφ¯. (4.2)
So for the 3-metric
ds2 = grr(G(r¯, θ¯), H(r¯, θ¯)) (Gr¯ dr¯ +Gθ¯ dθ¯)
2
+ gθθ(G(r¯, θ¯), H(r¯, θ¯)) (Hr¯ dr¯ +Hθ¯ dθ¯)
2
+ gφφ(G(r¯, θ¯), H(r¯, θ¯)) dφ¯
2
+ 2grφ(G(r¯, θ¯), H(r¯, θ¯)) (Gr¯ dr¯ +Gθ¯ dθ¯) dφ¯. (4.3)
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Now to simplify the notation write gij(G(r¯, θ¯), H(r¯, θ¯))→ gij(r¯, θ¯) and then just pick
off the 3 off-diagonal components:
gr¯φ¯ = grφ(r¯, θ¯)Gr¯; (4.4)
gθ¯φ¯ = grφ(r¯, θ¯)Gθ¯; (4.5)
gr¯θ¯ = grr(r¯, θ¯)Gθ¯Gr¯ + gθθ(r¯, θ¯)Hr¯Hθ¯. (4.6)
Now we want all 3 of gr¯φ¯, gθ¯φ¯, and gr¯θ¯ to vanish.
That is we demand that the 3 PDEs below must be satisfied:
E1 : grφ(r¯, θ¯)Gr¯ = 0; (4.7)
E2 : grφ(r¯, θ¯)Gθ¯ = 0; (4.8)
E3 : grr(r¯, θ¯)Gθ¯Gr¯ + gθθ(r¯, θ¯)Hr¯Hθ¯ = 0. (4.9)
But, since we know grφ 6= 0, then E1 implies Gr¯ = 0, and E2 implies Gθ¯ = 0. But
then G(r¯, θ¯) is a constant; so it is not a good coordinate — we have an inconsistency.
(We do not even need to look at equation E3.) So we cannot diagonalize the spatial
3-metric using only polar (r, θ) coordinate transformations.
5 Axisymmetry preserving coordinate transformations
Now consider the general case — this is the most general thing one can do without
damaging the manifest axial symmetry. Consider:
r = G(r¯, θ¯); θ = H(r¯, θ¯); φ = φ¯+ Φ(r¯, θ¯). (5.1)
Thence
dr = Gr¯ dr¯ +Gθ¯ dθ¯; dθ = Hr¯ dr¯ +Hθ¯ dθ¯; dφ = dφ¯+ Φr¯ dr¯ + Φθ¯ dθ¯. (5.2)
So for the 3-metric
ds2 = grr(G(r¯, θ¯), H(r¯, θ¯)) (Gr¯ dr¯ +Gθ¯ dθ¯)
2
+ gθθ(G(r¯, θ¯), H(r¯, θ¯)) (Hr¯ dr¯ +Hθ¯ dθ¯)
2
+ gφφ(G(r¯, θ¯), H(r¯, θ¯)) (dφ¯+ Φr¯ dr¯ + Φθ¯ dθ¯)
2
+ 2grφ(G(r¯, θ¯), H(r¯, θ¯)) (Gr¯ dr¯ +Gθ¯ dθ¯) (dφ¯+ Φr¯ dr¯ + Φθ¯ dθ¯). (5.3)
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Now to simplify the notation write gij(G(r¯, θ¯), H(r¯, θ¯))→ gij(r¯, θ¯). That is
ds2 = grr(r¯, θ¯) (Gr¯ dr¯ +Gθ¯ dθ¯)
2
+ gθθ(r¯, θ¯) (Hr¯ dr¯ +Hθ¯ dθ¯)
2
+ gφφ(r¯, θ¯) (dφ¯+ Φr¯ dr¯ + Φθ¯ dθ¯)
2
+ 2 grφ(r¯, θ¯) (Gr¯ dr¯ +Gθ¯ dθ¯) (dφ¯+ Φr¯ dr¯ + Φθ¯ dθ¯). (5.4)
Now just pick off the 3 off-diagonal components:
gr¯φ¯ = grφ(r¯, θ¯)Gr¯ + gφφ(r¯, θ¯) Φr¯; (5.5)
gθ¯φ¯ = grφ(r¯, θ¯)Gθ¯ + gφφ(r¯, θ¯) Φθ¯; (5.6)
gr¯θ¯ = grr(r¯, θ¯)Gθ¯Gr¯ + gθθ(r¯, θ¯)Hr¯Hθ¯ + gφφ(r¯, θ¯) Φr¯Φθ¯
+grφ(r¯, θ¯) [Φr¯ Gθ¯ + Φθ¯ Gr¯] . (5.7)
We want all 3 of gr¯φ¯, gθ¯φ¯, and gr¯θ¯ to vanish. That is we demand that the 3 PDEs
below must be satisfied:
E1 : grφ(r¯, θ¯)Gr¯ + gφφ(r¯, θ¯) Φr¯ = 0; (5.8)
E2 : grφ(r¯, θ¯)Gθ¯ + gφφ(r¯, θ¯) Φθ¯ = 0; (5.9)
E3 : grr(r¯, θ¯)Gθ¯Gr¯ + gθθ(r¯, θ¯)Hr¯Hθ¯ + gφφ(r¯, θ¯) Φr¯Φθ¯
+grφ(r¯, θ¯) [Φr¯ Gθ¯ + Φθ¯ Gr¯] = 0. (5.10)
These are 3 PDEs for 3 unknown functions. This is not, by itself, necessarily prob-
lematic. However, consider the specific linear combination
1
gφφ(r¯, θ¯)
(Gθ¯ E1−Gr¯ E2). (5.11)
Then
Gθ¯ Φr¯ −Gr¯ Φθ¯ = 0. (5.12)
This means that the cross product vanishes:
(Φr¯,Φθ¯)× (Gr¯, Gθ¯) = 0. (5.13)
This implies
(Φr¯,Φθ¯) ∝ (Gr¯, Gθ¯). (5.14)
With general solution
Φ(r¯, θ¯) =W (G(r¯, θ¯)), (5.15)
for some arbitrary function W (G).
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Now substitute this back into E1 and E2:
E1′ : Gr¯(r¯, θ¯)
[
grφ(r¯, θ¯) + gφφ(r¯, θ¯)W
′(G(r¯, θ¯))
]
= 0. (5.16)
E2′ : Gθ¯(r¯, θ¯)
[
grφ(r¯, θ¯) + gφφ(r¯, θ¯)W
′(G(r¯, θ¯))
]
= 0. (5.17)
Now we cannot have both Gr¯ = 0 and Gθ¯ = 0, since that would mean G is a constant,
and so not a good coordinate. Therefore we must have
[
grφ(r¯, θ¯) + gφφ(r¯, θ¯)W
′(G(r¯, θ¯))
]
= 0. (5.18)
That is:
W ′(G(r¯, θ¯)) = −grφ(r¯, θ¯)
gφφ(r¯, θ¯)
. (5.19)
But unwrapping this in terms of the original coordinate system we started with, this
means we are demanding
W ′(r) = −grφ(r, θ)
gφφ(r, θ)
. (5.20)
But inspection of the BL-rain, EF-rain, or Doran unit-lapse versions of Kerr shows
that this consistency condition is not satisfied. (The right hand side is explicitly θ
dependent.) We have
(
grφ(r, θ)
gφφ(r, θ)
)
BL-rain
=
2mar
√
2mr(r2 + a2)
∆
1
ρ2Σ
; (5.21)
(
grφ(r, θ)
gφφ(r, θ)
)
EF-rain
= − a
Σ
(
1 + 2mr/ρ2 +
√
2mr/(r2 + a2)
1 +
√
2mr/(r2 + a2)
)
; (5.22)
(
grφ(r, θ)
gφφ(r, θ)
)
Doran
= − a
Σ
√
2mr
a2 + r2
. (5.23)
The θ dependence is hiding in Σ. (See appendix for details on these three metrics.
Note the very strong similarities to the azimuth-only argument in section 3 above.)
So no axisymmetry-preserving coordinate transformation is capable of diagonalizing
the spatial metric.
Note that knowing the explicit forms of grφ(r, θ) and gφφ(r, θ) in any one of the
three BL-rain, EF-rain, or Doran unit-lapse versions of Kerr is enough to get to this
conclusion. Also note that we never had to use equation E3. This completes the
argument — in the unit-lapse Kerr context the Darboux diagonalization argument
is incompatible with manifest axisymmetry.
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6 Discussion and Conclusions
What have we learned from this discussion? On the one hand, this no-go theorem is
a very specific mathematical result specifically for the Kerr spacetime. On the other
hand, the various ingredients that go into the discussion have a very much wider
realm of applicability. For instance, the unit-lapse spacetimes occur quite commonly
and very naturally in many specific examples of analogue spacetimes [36–52]. In
an analogue spacetime context the unit lapse condition physically corresponds to a
constant signal propagation speed. (This holds, for example, to a good approximation
for sound waves in water.) Various analogue spacetimes can then be invoked to help
one develop physical intuition in the current more purely general relativistic context,
directly relevant to modelling infall and accretion.
Astrophysically, unit lapse versions of stationary spacetimes, (even if they are not
vacuum solutions of the Einstein equations), are extremely useful in at they imme-
diately provide an enormous class of timelike geodesics, the “rain geodesics”. These
correspond to the zero angular momentum observers, ZAMOs, that are dropped from
spatial infinity with zero initial velocity and zero angular momentum. These rain
geodesics provide an explicit and quite tractable probe of the spacetime physics.
The underlying theme behind our attempt at imposing Darboux diagonalization
was to continue the search for improved coordinate systems for the Kerr spacetime.
Finding such improved coordinate systems (if possible) is strategically and tacti-
cally important for a better understanding of the technically quite challenging and
astrophysically important Kerr spacetime; see particularly the discussion in refer-
ence [3]. See also, for instance, recent attempts at finding a “Gordon form” for the
Kerr spacetime [18], and recent attempts at upgrading the “Newman–Janis trick”
from an ansatz to an algorithm [19].
Finally, we should also emphasise that the discussion herein also impacts on and
informs the discussion and investigation regarding the potential observational ability
to distinguish exact Kerr black holes from various “black hole mimickers” that have
been suggested in the literature — see for instance references [53, 54]. More recently
one could consider references [55–60], and references [61–71].
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A Appendix: Some explicit metrics
In this appendix we list some of the explicit metrics utilized in the text.
A.1 Unit-lapse metrics
The general form for a unit-lapse metric is [17]:
ds2 = −dt2 + hij(dxi − vidt)(dxj − vjdt). (A.1)
Then
gab =
[
−1 + (hijvivj) −vj
−vi hij
]
ab
; gab =
[
−1 −vj
−vi hij − vivj
]ab
. (A.2)
Note det(gab) = − det(hij) and gtt = −1.
A.2 Lense–Thirring (Painleve´–Gullstrand version)
For the Painleve´–Gullstrand version of Lense–Thirring [22]:
ds2 = −dt2 +
(
dr +
√
2m
r
dt
)2
+ r2
(
dθ2 + sin2 θ
(
dφ− 2J
r3
dt
)2)
, (A.3)
Then
gab =


−1 + 2m
r
+ 4J
2 sin2 θ
r4
√
2m
r
0 −2J sin2 θ
r√
2m
r
1 0 0
0 0 r2 0
−2J sin2 θ
r
0 0 r2 sin2 θ


ab
. (A.4)
Here hij is not just diagonal, it is flat 3-space.
gab =


−1
√
2m
r
0 −2J
r3√
2m
r
1− 2m
r
0
√
2m
r
2J
r3
0 0 1
r2
0
−2J
r3
√
2m
r
2J
r3
0 1
r2 sin2 θ
− 4J2
r6


ab
. (A.5)
Note this is unit lapse, gtt = −1.
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A.3 Boyer–Lindquist
The standard form for the Boyer–Lindquist version of Kerr is:
(gab)BL =


−1 + 2mr
ρ2
0 0 −2mar sin2 θ
ρ2
0 ρ
2
∆
0 0
0 0 ρ2 0
−2mar sin2 θ
ρ2
0 0 Σ sin2 θ


ab
. (A.6)
Note hij is diagonal.
(gab)BL =


−1− 2mr(r2+a2)
ρ2∆
0 0 −2mar
ρ2∆
0 ∆
ρ2
0 0
0 0 1
ρ2
0
−2mar
ρ2∆
0 0 1−2mr/ρ
2
∆sin2 θ


ab
. (A.7)
Here ρ2 = r2 + a2 cos2 θ, and ∆ = r2 + a2 − 2mr, while Σ = r2 + a2 + 2mra2
ρ2
sin2 θ.
Note this is not unit lapse, gtt 6= −1.
A.4 Boyer–Lindquist-rain
For the Boyer–Lindquist-rain version of the Kerr metric (gab)BL-rain we have [17]:

−1 + 2mr
ρ2
(
1− 2mr
ρ2
) √
2mr(r2+a2)
∆
0 −2mar sin2 θ
ρ2(
1− 2mr
ρ2
) √
2mr(r2+a2)
∆
ρ2
∆
−
(
1− 2mr
ρ2
)
2mr(r2+a2)
∆2
0 2mar sin
2 θ
ρ2
√
2mr(r2+a2)
∆
0 0 ρ2 0
−2mar sin2 θ
ρ2
2mar sin2 θ
ρ2
√
2mr(r2+a2)
∆
0 Σ sin2 θ


ab
(A.8)
Note hij is not diagonal.
For the inverse metric
(gab)BL-rain =


−1
√
2mr(r2+a2)
ρ2
0 −2mar
ρ2∆√
2mr(r2+a2)
ρ2
∆
ρ2
0 0
0 0 1
ρ2
0
−2mar
ρ2∆
0 0 1−2mr/ρ
2
∆sin2 θ


ab
. (A.9)
Note this is unit lapse, gtt = −1. Oddly the spatial part of the inverse metric gij is
diagonal, but this is not the same as saying hij is diagonal.
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A.5 Eddington–Finklestein-rain
In Eddington–Finkelstein-rain coordinates the covariant metric is given by [17]:
(gab)EF-rain =


−1 + 2mr
ρ2
gtr 0 −2marρ2 sin2 θ
gtr grr 0 grφ
0 0 ρ2 0
−2mar
ρ2
sin2 θ grφ 0 Σ sin
2 θ


ab
(A.10)
subject to the relatively messy results that
grr = 1 +
a2 sin2 θ(2mr/ρ2)
(r2 + a2)(1 +
√
2mr/(r2 + a2))2
; (A.11)
gtr =
2mr/ρ2 +
√
2mr/(r2 + a2)
1 +
√
2mr/(r2 + a2)
; (A.12)
grφ = −a sin2 θ
(
1 + 2mr/ρ2 +
√
2mr/(r2 + a2)
1 +
√
2mr/(r2 + a2)
)
. (A.13)
Note hij is not diagonal. The inverse metric is much simpler
(gab)EF-rain =


−1
√
2mr(r2+a2)
ρ2
0
√
2mra2/(r2+a2)
ρ2(1+
√
2mr/(r2+a2))√
2mr(r2+a2)
ρ2
∆
ρ2
0 a
ρ2
0 0 1
ρ2
0√
2mra2/(r2+a2)
ρ2(1+
√
2mr/(r2+a2))
a
ρ2
0 1
ρ2 sin2 θ


ab
. (A.14)
Note this is unit lapse, gtt = −1.
A.6 Doran
The Doran metric is [15, 17]
(gab)Doran =


−1 + 2mr
ρ2
√
2mr
a2+r2
0 −2mar sin2 θ
ρ2√
2mr
a2+r2
ρ2
r2+a2
0 −a
√
2mr
a2+r2
sin2 θ
0 0 ρ2 0
−2mar sin2 θ
ρ2
−a
√
2mr
a2+r2
sin2 θ 0 Σ sin2 θ


ab
. (A.15)
Note hij is not diagonal.
– 11 –
For the inverse metric
(gab)Doran =


−1
√
2mr(a2+r2)
ρ2
0 0√
2mr(a2+r2)
ρ2
∆
ρ2
0
a
√
2mr
a
2+r2
ρ2
0 0 1
ρ2
0
0
a
√
2mr
a
2+r2
ρ2
0 1
(a2+r2) sin2 θ


ab
. (A.16)
Note this is unit lapse, gtt = −1.
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